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[57] ABSTRACT

A plotter system is provided having an adaptive veloc-
ity means for improving plotted line quality by selec-
tively varying the velocity of the plot head to produce
smooth, substantidlly continuous motions of the plot
head between data points, in accordance with changes
in the data input rate or changes in the distance between
data points. This reduces the time that the plot head
remains stationary during plotting, thereby reducing
excess deposits such as ink pools that may be applied to
a portion of a surface when the plot head becomes sta-
tionary waiting for data. The system includes a motor
unit, a plot head with a pen, and an adaptive velocity
means comprising a random access memory (RAM)
unit for storing data values to be plotted, a processor
unit, and a read only memory (ROM) unit having a
stored routine. The plot head is driven by the motor
unit under control of the processor operating in accor-
dance with the stored routine and control and data
values stored in the RAM.

Attorney, Agent, or Firm—Robert S. Hulse 10 Claims, 6 Drawing Figures
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PLOTTER WITH ADAPTIVE VELOCITY MEANS
FOR IMPROVING PLOTTED LINE QUALITY

CROSS-REFERENCE TO RELATED
APPLICATION

This application is related to patent application enti-
tled “OPEN-LOOP ELECTRIC DRIVE WITH
CORRECTIVE CONTROLLER,” Ser. No. 756,679,
filed Jan. 4, 1977 by Marvin LeRoy Patterson, Robert
Dale Haselby and Albert Prall Kendig.

BACKGROUND AND SUMMARY OF THE
INVENTION

Many plotter systems include buffers to temporarily
store input data before plotting the data. Many other
systems, without buffers, generally plot the data as-it is
received. In both types of systems, the plot head and
pen are generally made to move directly from data
point to data point in somewhat jerky, discrete steps
when plotting the data. After a data point is plotted, the
plot head remains stationary waiting for a subsequent
data point. During this stationary period, a dispropor-
tionate amount of ink from the pen usuaily accumulates
on the writing surface under the pen, compared to the
amount that accumulates on portions of the. surface
when the pen is in motion. This disproportionate accu-
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mulation of ink causes the trace or line segment,_being _

plotted to become nonuniform in appearance. Even in
plotter systems that provide for a uniform trace when
the pen is in motion (i.e., systems that modulate‘or vary
the pressure of ink to the pen as a function of head
velocity), appreciable amounts of stationary periods still
produce nonuniformity in the trace at the beginning-and
end-points of line segments. What is rieeded, therefore,
is a plotter system that also provides for uniformity of
trace at the beginning-and end-points of line segments.

Accordingly, as anillustrated preferred embodiment
of the present invention, a plotter system is provided
having an adaptive velocity means, motor unit and plot
head for improving plotted line quality and providing
uniformity of trace by substantially reducing the length
of each period that the plot head remains stationary
waiting for data. The adaptive velocity means includes
a RAM, a ROM with a stored routine, and a processor
unit for adapting the head velocity to (i.e., for varying
the head velocity with) the input data rate and to the
distance between data values, to produce substantially
smooth (nonjerky), continuous head motion.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a plotter system includ-
ing an adaptive velocity means in accordance with the
preferred embodiment of the present invention.

FIGS. 2A and 2B are perspective views of drive
mechanisms of the system o6f FIG. 1.

FIG. 3 is a diagrammatic illustration of memory units
of the system of FIG. 1.

FIG. 4 is a graphic illustration of velocity values
stored in one of the memory units of FIG. 3.
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adaptive velocity unit 11 includes a read-write or ran-
dom access memory unit (RAM) 17, processor unit 19,
and a read only memeory unit (ROM) 21. Data values
to be plotted are received and stored into RAM 17. The
processor 19 operates under. control of the routine
stored in ROM 21 and in accordance with control
words stored in RAM 17 to provide a velocity signal
(incremental move signal) to motor unit 13. The veloc-
ity signal represents the velocity (incremental move per
unit time) at which the head 15 is to be moved when the

-input data values stored in RAM 17 are plotted. The

velocity signal causes a motor 27 (FIG. 2A) of motor
unit 13 to advance or rotate a selected amount which, in
turn, causes plot head 15 to be moved a selected linear
distance within a selected unit of time. FIG. 2A shows
a drive mechanism 25 connecting motor 27 of motor
unit 13 with plot head 15. FIG. 2B shows motor unit 13
having motors 14 and 16.connected to plot head 15 for

‘moving the head in the X-and Y-coordinate directions,

respectively. FIG. 3 shows selected control words in
RAM 17, a control routine (shown in greater detail in
FIG. 5 and in Table 1) and a table of nine velocity
values in ROM 21, the nine velocity values chosen, as
shown in FIG. 4, to exponentially represent a wide
range of velocities of the head 15. Each of the nine
velocity value§ represents a sclected distance that plot
head 15 is to be moved during a selected period of time.
A control word “POINTER” in RAM 17 (FIG. 3) is
used to point to or address selected ones of the nine
velocity values stored in ROM 21. Initially, the control
word POINTER is-set to point to the third largest of
the nine velocxty values in ROM 21.

As shown in FIG. 1, a user of the plotter system may
spec1fy an upper velocity limit for the head 15 by enter-
ing a VS (velocity select) signal into the system. This
upper velocity limit represents the maximum velocity at
which the head 15 may be moved. Also, by means of a
VA (velocity automatic) signal, the user may specify
that velocity is to be automatic, i.e., that the selection of
a velocity at which the head 15 is to be moved is to be
performed automatically by the system. However, the
automatically selected velocity does not exceed the

. maximum velocity set by the VS signal. For example, in

response to an applied VA signal, the system automati-
cally adapts the head velocity to changes in the input
data rate or to.changes in the distance between succes-
sive input data points, or to changes in both the input
data rate and distance between successive input data
points. Whether a VA signal has been applied to the
system is indicated by the contents of the word

" MAJSW in RAM 17. When the contents of MAJSW is

55

FIG. 5 is a logic flow diagram of a routine stored'in -

one of the memory units of FIG. 3.

DESCRIPTION OF THE PREFERRED -
EMBODIMENT

FIG. 1 shows a plotter system having an adaptive
‘ velocity unit 11, a motor unit 13 and a plot head 15. The

65

zero (“VA off”), this indicates that no VA signal has
been applied to the system; when the contents of
MAJSW is not equal to zero (“VA on”), this indicates
that a VA signal has been applied to the system. This
adaptive or automatic selection of head velocity men-
tioned above is performed by processor 19 operating in
accordance with the control words stored in RAM 17
and under control of the routine stored in ROM 21.
One of these control words is SSTAT. SSTAT is a
word in RAM 17 which is preset to a non-zero value
when the plotter is busy plotting a data point, and to a

_zero value when the plotter is not busy.

A list of the instructions of which the routine stored
in ROM 21 is comprised is presented in Table 1 follow-

- ing. A logic flow diagram describing the operations of

this routine is presented in FIG. 5 and described below.
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Table 1
Se- ROM Object Program
quence Ad- Code Label Instruc'n. Remarks
No. dress (Octal)
(Octal)

VA

1923%»=INSTR TO TURN AUTO PACER ON

1625 440682 VA EQU w
1527 24982 AI0A37 JSH EUREY - B
1923 44363 687266 JMP SETVC

T{GIFHFINSTR TQ TURN AUTO PACER GFF~ VN =
1631 44964 ¥N EQU »
1532 44364 242437 . JSM EQREX

T {533 A48T rrRde¢e  L0A D9

1834 44366 31569 SETVC STA MAJSY
1333 44@o7 854376 JMP IDLDF
1957-- INSTR TO ser PEN VELOCITY vS,8(,P)
"Tg’g‘“I?ZTE vs* EQU #
1943 44073 2921445 LDA ECRFG
1541 44971 @72214 . RZA FASTS
'—1342“1137?“B3?I72¥;-" Lo8 01 PASSN .
1843 44973 d4ad42t . JSM ONEST GET VELOCITY
1944 44074 174340~ TC8
1965““33375’T75327“——" —3BP GOER3I T ERROR’ IF"‘@“' T
1845 442768 224256 ADd 044
1647 44277 176428 S3M GOER3J ERPOR IF >36
TYIEET  EXIVBT GIFEFY STA B T T CONVERT
1948 44131 174620 S8L 1 TQ
1952 443102 173429 AAR 1 INTERPOLATUR
TTIS3Y A3ITS §Z4IT9 ATTE A INTEGE
1932 adind 257126 JMP a2 SKIP AROUND
1653 44145 2242922 FASTS LOB 0132 FAST DEFAULT 1
1633 &4{26 £21445 777 LDAEQORFS T T PEN SPECIFIED? T T
1S33 44127 772405 SZA PENSN SKIP IF YES
1925 44y1d 9355352 8T8 PS1 NG =
{537 T4l £35551 7777 UST@ PS?2 0 0 T NELOCITY T T T
1=32 44112 £33352 ST8 PS3 APPLIES
1528 44413 0353853 ST3 PS4 TO ALL 4
19458 d4y1l4 954378 0 0 JMP CIDLOF T TTPENS T T T T
1582 44115 233562 PENS ST2 PSTMP SAVE VEL
1633 7 49186 254172 LRI 01 ST 6Q BEY T T
1.3 44117 242435 JSM ONEGT PEN PARAMETER
1255 44120 174vd9 TCB
1555 44121 178493 7 S8P GOERJI ERROR IF <} )
1us7 24122 224234 ADB 04
1653 T84123 176482 "SBP x+2 ERROR IF »4 7 7
1659 44124 554448 GQER3I JMP ERRQI
1973 44125 029328 ADA PSTAD APPLY VEL )
1871 42126 2153527 LD3 PSTMP ~ 7 TO SELECTSD T 7
1672 44127 13404 STB 4,1 PEN
1473 44130 354373 GOIDL JMP IDLE
~nyaaN 2SS WL unF Aol e e 1 e
2123» CALLING SEGUENCE JSM MVPEN
2124 FUOR PEN ONLY:
-3 8- 50 WDPCT <@> (ON)Y ~ ‘1?'(U°)
2126+

- 2127

44324 MVPEN

EQU w
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Se- ROM Object Program
quence Ad- Code - Label Instruc'n. Remarks
No. dress (Octal) '
(Octal)
128 _35325'643515 JSﬁ'NT48V , .
2128« : T
© 2132 44323 831558 ) STA WKPTM = wew Y
21317 43326 FIINT1Z —STA LARGE
2132 44327 331513 STA LARGE+!l"

2163 44333 084012 ‘ Lbs 18 TEST FOR SDC

g

2138« FOR MOVES

: WORDX <X MOVE IN PLOTTER UNITS> .
WURDY <Y MOVE IN PLUTTERUNIYSS
_MOPCT "«@>. (DN} g} ».e3> (UP) '
= WOMOD <@><(ABS) - c<i> (REL)

2144 44333 - ':UPSET EGU » |
2145 44333 mzlaaa. " LDA SSTAT BUSY?
DaaCE { N IY- 52 & e SLA-®E B SKIF—IF.NOT

g1 ;
. : % o QSNAIT,wﬁﬁ QTHERﬂISE
2135 33II7T0B7III IMP w4 —LUOP
2152 44348 231536 STA WKPTM LA

44341 831512 LARGE

“WoRDx

GET %

8 ‘WOMGD =" WHICH MGDE?
RIB SETX ABSOLUTE?
2136 - 44343 025436 - LOS XPRES  YES )

2137 44346 174049 - " TCA
srA'RELx
. SAB w2

TUA
21862 031528 - STA VEL -~ DX=3ABS(DX)
2153
“216!‘*?133T“E3f537' TLORWORDY GET Y T "
2145 44355 225511 LO8 W#OMCD WHICH MODE? -
2155 44355 76994 K18 SETY ABSOLUTE?
TZYa7 T TARIRT G ASERT LDZYPRES — T YES
2i99 443560 174948 - 1C8 CONVERT
2169 “4436] 4274d1 ADA B T0
TPY70 TR4362 2ITSTI SETY STATRECY RECATIVE
2171 44383 1724Q2 - SAP w+2 : :
2172 44364 170843 - TCA
“gf;f”“*?KFS‘B3T527“"”‘"STI‘CVEE“ DY=ABS (DY)
-
2175 44366 953525  L0B VEL
TR175 TTAE3IET T LTABAYT T TTUTCATT U T e
2177 44372 n234et ADA B ABS(X) ~ABS (Y)
2175 43377 0ILIL5 " STA BIGSW POS X LARGE : NEG'Y LARGE
2175 44372 1728@2 SAP %42
213~ 44373 325527 LC8 LVEL
2{F] T&4I7AZISITI T USTH LARGE+1 -
2182% -
2183 44375 Q35876 'STA DVR
2184 TA4I7E PRI LOELVEL o T T
2165 44377.@15%25 CPB VEL _
21356 44408 387411 JMP ONE . A
2137 TIIVTI72d82 SEP e - T e e
21898 44402 0a5925 LDB VEL SMALLER INTO B

2189 44403 2080226 LDA 0@
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Se- ROM Object Program- E
quence Ad- Code ..-Label Instruc'n. . Remarks =
No. ~dress (Octal) R

(Octal)

.DNE?I_—_"_ZERU“SCUPE—'—__—'"—__“”__'”
101V FIND. RATIO < 1 '

el
a7.5 -

2194 44412 967442 JHP ke2 - . o

2193 44411 020204 ONE LDa Nt : . SLOPE POSITIVE

“2195 a3a17 W3I513 ST]'SLOP: - ’UNLESS’UX DY

22328 44413 921741 ‘.‘LDA STABY STABLE SPEED:

2201 44414 295584 LDB PICK. - IN A STALL?
2202 TARETS U7EUEY RIE #¢3 - SKIP TF YES B
2283 . 444 ... . LDA CVMAX FIND UR SPEED

2204 ~/44437 283363 " "LOB.FINUR = FINDING UR?

2225  A4327 879935 NZB HALAS+1 SKIPIF YES AR
2206 44421 224912 L0B IB .. _ TEST FOR SOC

2237 44422 233516 . 8T8 DEQUE . «

ETLLEE HACAS  YES™

2209 44424 221510 WOPCT = PENS

2213 44425 @73427 HALAS . UP = HAUL 1Tl

Z2TTEaRE FATSS e LDA CURPN T SET

2212 44427 D2@3258 ADA PSTAD - CURRENT.

2213 44432 139200 LOA a,I PEN Sy

T AAIT 3 o , T ECANE T

2215 .-44432 331563 S LDA MAJSW  MOVE G :

22165 .144433 @72417. S2A CLAMP - NO = USE" SPEED LIPIT :

22T AAAIY LILOEL LU SWAIT - T0Q SCOW?

2213 44435 2764902 RZB #+2. - YES = E

2215 44436 ¢a4234 - LD8 NY - o SLOW DOWN.

22777 44437 2234(777 7777 ABR LASTS . U ELSE . ’

2221 éd4<¢w Q14171 . ¢ CP3 SLOWL SPEEDR WP

2222 44441 37445 JMP wed. .. CHECK ... S

22237 44442 £1429F 7 CPZ FASTL . SPEED T T

2224  A448483 737445 JMP a2 LIMITS -

2225 44444 335417 §TR LASTS KEEP FOR NEXT TIME »

22267733445 1@1417 T LDA LASTS,I TGET AUTOTPACE SPEED""“”‘

2227 44446 2332321 STA 8 ;. CLIP

2228 44447 174448 . . TCR - - . SPEED LIMIT

2229 T AA3SFTURSIET TADBTSPEED T UAUTO PACETSPEED T T

2342 44451 176334 SBP *+4 © TG0 FAST? :

2231 24432 221547 CLAMP LDA SPEED ~ VYES = USE SPEED LIM

2232 TAL453TPS7ASS T T OIMP x#2 00 U NOQ = AUTO PACE O TTTTTT

2233 44454 220232 HALAS LD 0132 TGP SPEEQ IF PEN UP

22347 44453 2319377 ' T STATLIMIT 7 SET SPEED FOR THIS MOVE

2235% . e ' : o

2235 444356 0253512 DQPEN LDB wOPCT DESIRED PEN

2237 T Ed4E7TANITUS T T T DA DEQUE T T SEL DEV CLEAR? T
238 44464 172972 SAP 42 . SKIP IF NOT

2239 44481 034172 Lka ot . ELSE FORCE PEN UP

2247434627 831692  TTLDATOTWD T " GET PENI CURRENT 7~

2241 44453 @76946 RZ3 UPPEN. = SKIP IF PEN TO BE UP

2242 44464 240883 .- JSM IXCR ~ CHANGE PEN? -

2233 443TY Ta%IZs DB UP20N LONG DELAY

2244 44466 973907 - SLA STDLA SKIP IF YES

2245 44457 095027 LOB DN2DN = NGO = USE SHORT DELAY

'CHANGE PENZ.
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Se- ROM . Object Program
quence Ad- Code- Label Instruc'n. Remarks
No. dress{Octal)
(Octal) E
.07 3-8 1 1P T8 —LONG DELAY
2258 44473 9739122 SLA #+2 SKIP IF YES
2251 44474 994225 LD3 G2 NG DELAY -
TEY A » sszz‘STUtI“STE‘UEEIY E

'0734as

. NEED T " PEN T8 FP?

2235 444// ©J3313d YES = .

2258 4430@ @77432 - ASSEMBLE

2257 44331 923172 NEW FP
~PIIE T 3ATYT QATINZ M e

WV ELDS “»':,\_g;ﬁ-.-_‘;-;,....-‘-- g FUE LT
 226Q . 44%5g%: BBBZZ : . v INITIALIZE. . -
22681 243504 UIISoY WAIT FLAG

2262 44%83 320172 BUSY

2263 44538 @31543 SERVO

2268 44310 20
2266 44&:1@83551&

~TSEL DEVCLEAR?

TZPE7 T EASTZ I72Euz

—$XIP IF VES
'ELSE RETURN TO CALLER OF MOVE

2268 44513 {79201
2269+ -

CRITE T ARTTAIVAYTLE
2271 44313 264373

"5862%% TABLE OF A

0 PACE SPEEDS

J;sdace ENTRY. 70 PARSER

5864 20171 000171 SLOWL DEF = i

5865 pe172 @ugual 0t < DEC i T

5866 @173 930002 02  DEC 2

5867 @e174 00@¥A3 03 DEC 3

5868 Q0175 daesas 05 DEC™S ;

5869 ©D176 dadwi2 012 DEC 1@

5872 ©@@177 @ees2y 021 DEC 17 .
5871 "BR200@ Be0ev3ds ~ TTTDEL 297

5872 @026l 8800263 DEC 51

5873 00242 920132 0132 DEC ¢ 90 e
5874 T 00203 02@203 FASTL OEF w — 7T

5877%«« CONSTANTS: 0 +0CT , M =~DEC , P #DEC

N =0CT ,

The above routine is entered and executed whenever
there is data to be plotted, i.e., whenever data is entered
into RAM 17. During execution of the routine, the
operation represented by block 31 is first performed. At
block 31, a test is made to determine whether the plotter
is busy plotting a previous data value. This determina-
tion is achieved by testing the contents of RAM word
SSTAT. If the contents of SSTAT is found to be non-
zero, an SWAIT flag is set (i.e., word SWAIT of RAM
17 is set to one) as shown by block 33, and control is
returned to block 31. However, if the contents of
SSTAT is found to be zero indicating that the plotter is
not busy but ready to plot another data value, control is
transferred to block 35. At block 35, a test is made to
determine if a limiting. or maximum velocity has been
specified for plot head 15 by means of an applied VS
signal as indicated in FIG. 1. If no maximum velocity
has been specified (i.e., no VS signal applied to proces-
sor 19), the velocity value of ninety is selected as the
maximum head velocity from the table of control words
in ROM 21. This value of ninety is then stored, for later
use, in control word “SPEED” of RAM 17 as shown by

50

55

65

block 39, after which control is transferred to block 41.
(As shown in FIG. 3, a head velocity value selected
from ROM 21 may range from a minimum value of one
to a maximum value of 90.) If a maximum velocity has
been specified for plot head 15 by means of an applied
VS signal, control is transferred from block 35 to block
37. At block 37, the specified maximum velocity is
stored for later use in the SPEED control word of
RAM 17, after which control is transferred to block 41.
At block 41, a test is made to determine if the automatic
or adaptive velocity mode of operation has been speci-
fied. (A user may specify adaptive velocity mode by
entering or applying a VA signal to the system as indi-
cated in FIG. 1.) If adaptive velocity mode has not been
specified, i.e., no VA signal has been applied to proces-
sor 21, control is transferred to block 55. If a VA signal
has been applied to processor 21 indicating that adap-
tive velocity operations are to be performed, control is
transferred to block 43 where a test is made to deter-
mine the status (set or not set) of the SWAIT flag.

If the SWAIT flag is set (i.e., the contents of the
SWAIT word in RAM 17 is nonzero), control is trans-
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ferred to block 45. An SWAIT flag that is set indicates
that a new data value to be plotted has been received by
RAM 17 while plot head 15 was still busy plotting a
current data value, the current data value being the data
value that is received immediately before the new data 5
value. At block 45, the contents of control word
POINTER in RAM 17 is incremented so as to point to’
the next faster speed (head velocity) in ROM 21. For
example, if before the operation at block 45 was per-
formed, the word POINTER was pointing to head
velocity 29 in ROM 21, the performance of the opera-
tion represented by block 45 would cause the contents
of the word POINTER to be incremented by one so as
to now point to or address the head velocity value of 51
in ROM 21. After performance of the operation at block
45, control is transferred to block 49.

If the SWAIT flag at block 43 is found to be not set
(i.e., the contents of the SWAIT word in RAM 17 is
found to be nonzero), control is transferred to block 47.
At block 47, the contents of control word POINTER in 20
RAM 17 is decremented so as to point to the next
slower head velocity in ROM 21. For example, if before
the operation at block 47 was performed, the word
POINTER was pointing to head velocity 29 in ROM
21, the performance of the operation represented by 25
block 47 would cause the contents of the word
POINTER to be decremented by one so as to now point
to the head velocity value of 17 in ROM 21. After per-
formance of the operation at block 47, control is trans-
ferred to block 49.

Thus, from the operations performed at blocks 45 and
47, the POINTER control word is made to point to a
slower or faster head velocity depending on whether
plotting is occurring faster or slower, respectively, than
the input data rate. In other words, if a new input data 35
value is received while plot head 15 is busy (i.e., before
plot head 15 has completed its move in plotting a cur-
rent input data value that was received immediately
before the new input data value), the plotting operation
is interpreted as lagging the input data rate and the 40
POINTER control word is incremented to point to the
next faster head velocity. If plot head 15 completes its
previous move and becomes not busy before a next or
new data value is received, the plotting operation is
interpreted as exceeding the input data rate and the 43
POINTER control word is decremented to point to the
next slower head velocity.

Receipt of a new input data value before or after
completion of plotting of a current input data value by
plot head 15 may be caused by either or both of two 50
factors, namely, a change in the input data rate, and a
change in the distance or difference between two suc-
cessive input data values. Thus, a previously selected
velocity for the plot head 15 would be increased to
compensate for (adapt to) either (1) an increase in input 55
data rate that causes a new data value to be received
before completion of plotting of a previous (current)
input data value, or (2) an increase in distance between
input data values that, likewise, causes a new input data
value to be received before the distance is completely 60
traversed by plot head 15. From the foregoing, there-
fore, it can be seen that by selecting or pointing to dif-
ferent head velocities in ROM 21 in accordance with a
new input data value received before or after comple-
tion of plotting of a current input data value by plot 65
head 15, the velocity of plot head 15 is made adaptive to
changes in either or both of the input data rate and the
difference between successive input data values.
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Returning now to FIG. §, block 49 represents an
accessing operation. At block 49, a head velocity value
is accessed from the nine head velocity values stored in
ROM 21. This accessing or selection operation is per-
formed using the contents of the POINTER control
word as a pointer or address. Following the operation at
block 49, the operation at block 51 is performed. At
block 51, a test is made to determine if the accessed
velocity value from ROM 21 is greater than the maxi-
mum velocity value stored in the SPEED control word
of RAM 17. If the accessed velocity value is not greater
than this maximum velocity value, control is transferred
to block 53. At block 53, the accessed velocity value is
stored in RAM word “LIMIT” for use as the control-
ling velocity at which the plot head 15 is to be moved
during its traverse to the next data position represented
by a newly received data value. If, at block 51, the
velocity value accessed from ROM 21 is found to be
greater than the maximum velocity value stored in con-
trol word SPEED, the operation at block 85 is per-
formed next. AT block 55, the maximum velocity value
is stored in RAM word “LIMIT” for use as the control-
ling velocity of plot head 15 during its next move. The
controlling velocity value stored in RAM word
“LIMIT” is then applied, via motor unit 13, to plot head
15 as a series of digital pulses representing a velocity
signal, as shown in FIG. 1. The velocity signal is ap-
plied to plot head 15 each millisecond period of the 1
KHz clock signal applied to processor 19 shown in

0 FIG. 1. This controlling velocity value stored in

“LIMIT,” therefore, represents a selected distance that
plot head 15 is to be moved each millisecond of the
clock signal.

Following the operation at block 53 or block 585,
control is transferred to block 57. At block 57, the
SWALIT flag is cleared (i.e., the SWAIT word is reset to
zero) and exit is made from the routine in preparation
for selection of a next velocity value from ROM 21 and
the output of other velocity pulses to plot head 15 in
response to receipt of a subsequent data value. After the
operation at block 57 is performed, exit is made from the
routine.

A motor unit 13 suitable for moving plot head 15 in
response to velocity signals is shown and described in
patent application entitled “OPEN-LOOP ELECTRIC
DRIVE WITH CORRECTIVE CONTROLLER,”
Ser. No. 756,679, filed Jan. 4, 1977 by Marvin LeRoy
Patterson, Robert Dale Haselby and Albert Prall Ken-
dig.

When the individual input data values that are ap-
plied to the system occur in X-Y coordinate pairs, for
example, a current pair (Xq, Yo) followed by a new or
subsequent pair (X;, Y;), the coordinate along which
the distance (difference in magnitude) between the data
values is greater is utilized in determining the head
velocity value that is selected. Thus, for a coordinate
pair (2,5) followed by coordinate pair (3,7), the differ-
ence between the Y coordinate values would be used in
determining the head velocity, because the difference
(AY) between the Y coordinate values (5 and 7) is
greater than the difference (AX) between the X coordi-
nate values (2 and 3).

If, as described above, AY is found to be greater than
AX, the head velocity in the X-axis direction may be
calculated from the head velocity selected in the Y-axis
direction, as follows:

dy= (I/m)dy m = AY/AX
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where, d, represents the head velocity (incremental
move per millisecond) in the X-axis direction, d, repre-
sents the head velocity (incremental move per millisec-
ond) in the Y-axis direction, and m represents the slope
of the vector connecting points (Xo, Yo) and (X, Y)).
Similarly, if the X component (AX) of a vector to be
traversed by plot head 15 is found to longer than AY,
d, may be calculated from d, as follows:

d,= md,

The head velocity values dy and d, may then be ap-

plied to the motor unit shown, for example, in FIG. 6 of
the system of Patterson, et al., mentioned above, to
provide smooth substantially continuous movement of
the plot head in response to applied input data point
values, thereby improving plotted line quality by reduc-
ing the time that the plot head remains stationary wait-
ing for data.

I claim:

1. Apparatus for producing substantially smooth and
continuous motion of a member across a surface in
response to successive data values applied at a selected
data rate, said apparatus comprising:

a member mounted for movement relative to the

surface;

motor means coupled to the member and responsive

to an applied velocity signal for moving the mem-
ber at a selected velocity; and

adaptive velocity means for causing the member to

move at the selected velocity, substantially reduc-

ing the length of time that the member remains

stationary waiting for input data, said adaptive

velocity means including:

means for storing successive data values applied at
an input rate,

means coupled to the storage means for applying to
the motor means the velocity signal representing
the selected velocity at which the member is to
be moved, said selected velocity being variable
with changes in at least one of the input data rate

and the difference between successive data val-

ues.

2. The apparatus of claim 1 wherein the means for
storing data is a random access memory unit.

3. The apparatus of claim 2 wherein the means for
producing a velocity signal includes a processor unit
and a read only memory unit having a stored routine,
the processor unit operating under control of the rou-
tine and in accordance with data stored in the random
access memory unit to produce the velocity signal.
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4. The apparatus of claim 3 wherein said apparatus is
a coordinate display system and said member is a dis-
play producing unit.
§. The apparatus as in claim 4 wherein the coordinate
display system is a plotter system and the display pro-
ducing unit is a plot head having a pen mounted
thereon.
6. The apparatus of claim 5 wherein the plotter sys-
tem is an X-Y plotter system in which the velocity of
the plot head, in a coordinate direction, is determined
by the processor unit from the greater of the difference
between a first data value and a second consecutive data
value in a first coordinate direction and the difference
between said first and second consecutive data values in
a second coordinate direction.
7. A method of producing substantially smooth and
continuous motion of a member across a surface in
response to successive data values applied at a selected
data rate, the method comprising the steps of:
receiving and storing data values representing posi-
tions to which the member is to be moved;

selecting a first velocity at which the member is to be
moved in response to the data rate exceeding a
previous rate of motion of the member and a sec-
ond velocity at which the member is to be moved
in response to the data rate being less than a previ-
ous rate of motion of the member; and

applying a signal representing the selected velocity to

a motor means for moving the member at the se-
lected velocity.

8. The method of claim 7 where the step of selecting
a velocity includes the step of accessing a series of pre-
determined velocity values, each velocity value in the
series representing a selected distance that the member
is to be moved within a predetermined unit of time.

9. The method of claim 8 where the step of accessing
a series of predetermined velocity values includes the
step of addressing a selected velocity value in the series,
the first velocity value being addressed in response to
receipt of a subsequent data value occurring before
completion of movement of the member to a previous
position, and the second velocity value being addressed
in response to receipt of a subsequent data value occur-
ring after completion of movement of the member to a
previous position, said previous position being repre-
sented by a data value:received immediately before the
subsequent data value.

10. The method of claim 8 where the predetermined
velocity values are exponential values.
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